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ABSTRACT
This final report summarizes the major scientific
results of the research carried out under NASA Grant
NSG-7126.
1
2I. INTRODUCTION
NASA Grant NSG-7126 supported a wide range of work in
e
occultation astronomy under the direction of Professors J.
Ueverka and J. Elliot. The effort at Cornell was terminated
in 1,979, after Professor Elliot accepted a. new position at
the Massachusetts Institute of Technology.
2. MAJOR RESULTS
A) Observations of the 8 April 1976 Occultation of e Gem
ars
The results of this study were published in three
papers:
• Occultation of a Geminorum by Mars: Evidence
of Atmospheric Tides (1977). Science, 195, 485-486.
• Martian Occultation of a Gem as Observed from the
C. E. Kenneth Mees Observatory (1978). Icarus 34,
182-187.
• Occultatic°.< of a Geminorum by Mars. II. The
Structure and Extinction of the Martian Upper
Atmosphere (1977). Astrophys. J., 217, 661-679.
Copies of these three papers are included in Appendix 1.
B) Studies in Occultation Techniques
Two major papers resulted from this aspect of our
investigation:
• Analysis of Stellar Occultation Data (1978).
Icarus 33, 186-202.
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• Uranus Occults SAO 158687 (1977). Nature 245,
609-611.
Texts of these two papers appear in Appendix 2,
C) Studies of the March 1974 Occultation of Saturn.
on
The results of this phase of our effort were published
in two papers:
• Lunar Occultation of Saturn. II. The Normal Reflec-
tances of Rhea, Titan, and Iapetus (1978). Icarus
35, 237-246.
• Lunar Occultation of Saturn. III, How Big is Iapetus?
(1978). Icarus 33, 301-310.
These two papers are reproduced in Appendix 3.
In addition we have refined our analysis of the Titan
observations obtained during this occultation. The initial
analysis was published in Icarus 26, 387-407 (1975). The
conclusions of our re-analysis are summarized in the follow-
ing section.
D) Re-Analysis of the 1974 Lunar Occultation of Titan
Observations of the March 30, 1974, occultation of Titan
by the moon are an important data set with which to compare
*	 models of Titan's atmosphere. Elliot et al. (1975, Icarus
26, 387-407) fitted the data assuming zero phase angle and
4
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using a Minnaert scattering law, They concluded that strong
limb darkening was present and that Titan's diameter, D,
> 5800 km.ru
We have extended the analysis with the following objectives:
1) to determine if a:;suming the proper occultation
geometry modifies Elliot's conclusions,
2) to fit a variety of model ligh. _rves to the data,
3) to compare the occultation observations with observed
limb-darkening laws for Jupiter and Saturn,
4) to determine the constraints that the observations
might place on the wavelength dependence of acceptable limb--
darkening models;
5) to investigate systematic effects and other sources
of error.
Our conclusions are:
1) Elliot's results are almost unaffected by proper inclu-
sion of the event geometry. The inferred diameter of Titan
changes by only 15 km, although the residuals of the fit drop
dramatically.
2) Of the many homogeneous models we tried, the Minnaert
law, I(u,u o) _ (uuo ) k/ii gave the lowest residuals, with formal
error k = 1.64±0.35. All models which gave low residuals
required very strong limb darkening (k < 1).
53) Ob a-rvations of I(p) for Saturn and Jupiter were used
to produce model light curves which were fit to the observations.
The observed limb darkening corresponds closely to a Lambert
surface for Jupiter (k = 1), and slightly smaller k for Saturn.
Neither model gave a good fit to the occultation data.
4) Observations of the geometric albedo (P,) and phase
coefficient ($,) of Titan allow the parameters g and w o in the
Henyey-Greenstein scattering model to be determined uniquely.
For each wavelength observed, the corresponding g and w o were
used to generate a model light curve which was then ;fit to the
data. In each case, the corresponding limb darkening was much
less than for the best Minnaert fit. Additionally, the trend
of increasing limb darkening with increasing wavelength implied
by the $x observations was not detectable in the individual
channel data. No simple homogeneous model is capable of fitting
the observations of P V $,, and the occultation results. How-
ever, if the atmosphere of Titan is modelled as a patchy haze
layer over a uniform cloud deck, all of the observations can
be reconciled, with a suitable choice of model parameters, cor-
responding to a haze coverage of about 95 percent of the satel-
lite, with clear patches over the remaining 5 percent. Although
the model works reasonably well, it is difficult to imagine
how clear patches could be maintained in a photochemical smog.
.
	
	 5) All of the preceding discussion assumes that the lunar
limb is a straightedge over the 2 km. horizontal distance sub-
tended by Titan at the moon. A careful study shows that lunar
j
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limb topography can In principle lower the fit residuals drasti-
cally, even if Titan is assumed to be a uniformly bright disk.
However, the required lunar limb slopes are unrealistically
steep, and individual channels of data do not give consistent
results. Furthermore, if lunar topography were important, a
detectable timing difference would be present for the separate
observing stations. No such timing difference was found. We
conclude that lunar topography can be very important in some
observations, but that it is not responsible for the extreme
limb darkening inferred from the observations.
An extensive analysis of the power spectrum of the resi-
duals of the light curve shows that the light curve is quite
asymmetric about its half-intensity point; more than can be
explained by event geometry alone. We find that there is only
a 10 percent chance of this being due to noise alone, and we
conclude that the more likely explanation is that Titan's
atmosphere is not homogeneous. If Titan were truly a Lambert
surface, there is only a 7 percent chance that noise would
simulate the much stronger limb darkening we obtain in our fits.
Thus, our principle conclusions are:
• Titan is strongly limb darkened, with D ? 5800 km.
0 There is internal evidence in the data that Titan's
atmosphere is inhomogeneous.
• The observations are inconsistent with ar y simple homo-
geneous model atmosphere which matches the P  and ^^ observa-
tions of Titan.
APPENDIX 1
Occultation of s Gem by gars: Evidence
for Atmospheric Tides? (1977). Science
195, 485-486,
Martian Occultation of s Gem as Observed
from the C. E. Kenneth Mees Observatory
(1978). Icarus 34, 182-187.
Occultation of E Geminorum by Mars. II.
The Structure and Extinction of the
Martian Upper Atmosphere (1977).
Astrophys. J. 217, 661-679.
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APPENDIX 2
Analysis of Stellar Occultation Data
(1978). Icarus 33, 186-202.
Uranus Occults SAO 158687 (1977).
Nature. 265, 609-611.
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